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(57) ABSTRACT

A composite speaker 1s disclosed that can more easily be
made thin and small, and 1s configured so that the assembly
process of the speaker 1s easy. A first space that opens to the
rear 1s formed 1 a main yoke that forms a magnetic field
emitter, and a magnetic gap 1s formed 1n the first space. A first
voice coil, connected to an inner peripheral end of a first
diaphragm whose surface area1s large, 1s inserted into the first
magnetic gap toward the front direction. A second space that
passes through from front to back 1s provided in the main
yoke, a second magnetic field emitter 1s mounted therein, and
a second diaphragm whose surface area 1s small 1s provided 1n
front thereof. Because of the structure 1n which the second
magnetic field emitter 1s housed within the first magnetic field
emitter, the front-to-back dimension of the speaker can be
reduced.

20 Claims, 4 Drawing Sheets
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1
COMPOSITE SPEAKER

RELATED APPLICATIONS

The present application claims priority to Japanese Patent
Application Number 2010-273961, filed Dec. 8, 2010, the
entirety of which 1s hereby incorporated by reference.

FIELD OF THE INVENTION

The present mvention relates to composite speakers pro-
vided with two diaphragms having different surface areas and
capable of producing sound over a wide frequency band, and
particularly relates to composite speakers having a structure
that enables the speakers to be made thin while also being
casy to assemble.

DESCRIPTION OF RELATED ART

A composite speaker that includes two diaphragms 1s dis-
closed in JP-1994(H06)-189394A. A first diaphragm, which
1s conical in shape and has a large surface area, and a second
diaphragm, which 1s dome-shaped and has a small surface
area, are provided 1n this composite speaker.

A first yoke, which forms a magnetic field emaitter, has a
recess that opens widely 1n the forward direction, and a ring-
shaped second voke 1s anchored to the interior of the recess.
A ring-shaped first magnet 1s anchored to the inner circum-
terential surface of the recess in the first yoke, and a first
magnetic gap 1s formed between the mner circumierential
surface of the first magnet and the outer circumierential sur-
face of the second yoke. A first voice coil that drives the first
diaphragm 1s 1nserted, from front to back, into the first mag-
netic gap.

A second magnet and a plate are layered, 1n that order
toward the front, and anchored to the central area surrounded
by the second yoke; a second magnetic gap 1s formed between
the inner circumierential surface of the second yoke and the
outer circumierential surface of the plate. A second voice coil
that drives the second diaphragm 1s inserted, from front to
back, into the second magnetic gap.

This composite speaker produces sound pressure 1 com-
paratively low bands using the conical first diaphragm, and
produces sound pressure 1n comparatively high bands using
the dome-shaped second diaphragm.

The composite speaker disclosed 1 JP-1994(HO06)-
189394 A has the following problems listed as examples here-
inafter.

(1) The first voice coil that drives the first diaphragm and
the second voice coil that drives the second diaphragm are
both 1nserted, from the front to the back, into the magnetic
gaps formed within the recess of the first yoke; a bobbin upon
which the first voice coil 1s wound and a bobbin upon which
the second voice coil 1s wound protrude from the front of the
second voke. For this reason, both the first diaphragm and the
second diaphragm are disposed in a region that 1s 1n front of
the first yoke, which makes 1t difficult to reduce the dimen-
s1ons of the front-to-back thickness of the composite speaker.

(2) A support member that supports the second diaphragm,
a damper member, and so on are assembled within the narrow
space surrounded by the bobbin that 1s attached to the first
diaphragm, which makes the assembly procedures complex.

(3) The bobbin that 1s linked to the conical first diaphragm
protrudes forward in the region surrounding the dome-shaped
second diaphragm, and thus the region around the second
diaphragm cannot be used 1n an efficient manner; for
example, 1t 1s difficult to dispose a horn for directing sound
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pressure 1n the higher ranges in the forward direction. Even i
the horn can be disposed, 1t 1s limited to a small horn, which

makes 1t difficult to fully realize the function of the hom,
which 1s to transmit sound pressure in the forward direction.

The present invention solves the alorementioned problems
with the related art, and it 1s an object thereof to provide a
composite speaker that 1s thin and achieves a small size, and
that also has a structure that makes the composite speaker
casy to assemble.

SUMMARY OF THE INVENTION

A composite speaker according to one embodiment of the
present mvention includes a first diaphragm, a second dia-
phragm having a smaller surface area than the first dia-
phragm, a first voice coil that drives the first diaphragm, and
a second voice coil that drives the second diaphragm; 1n
which a first space that 1s open at least toward the rear 1s
formed 1n a main yoke formed of a magnetic material, a
ring-shaped first magnet 1s anchored to the interior of the first
space, a first magnetic gap 1s formed between the 1mnner cir-
cumierential surface or the outer circumierential surface of
the first magnet and the main yoke, and the first voice coil 1s
positioned within the first magnetic gap; and a second space
that 1s open at least toward the front 1s formed 1n a region
surrounded by the first magnet of the main yoke, and the
second voice coil and a second magnetic field emitter that
drives the second voice coil are housed within the second
space.

Furthermore, one embodiment may be configured such
that the first diaphragm 1s radially positioned further outward
than the first voice coil, and the second diaphragm 1s radially
positioned further inward than the second voice coil.

In the composite speaker according to one embodiment,
the voice coil that drives the first diaphragm, whose surface
area 1s large, 1s positioned within the first space that opens to
the rear of the main yoke. Therefore, the first diaphragm,
which may be conical, and the bobbin connected to the first
diaphragm, do not project signmificantly forward beyond the
second diaphragm, making 1t easy to configure the overall
speaker with a small front-to-back dimension. Because the
inner peripheral end of the first diaphragm, the bobbin, and so
on are not present in the region on the outer side of the second
diaphragm, the region surrounding the second diaphragm can
be used efficiently, making 1t easy to dispose a support mem-
ber for supporting the second diaphragm, a damper member,
or the like.

In one aspect, it 1s preferable for the second space to be
formed so as to pass through the main yoke from front to back.
In this case, the second magnetic field emitter 1s positioned
within a region surrounded by the ring-shaped {first magnet.
By forming the second space so as to pass through the main
yoke from front to back, and by providing the second voice
coil and the second magnetic field emitter within the second
space, the front-to-back dimension of the speaker can be
made even thinner.

Furthermore, one embodiment of the present invention can
be configured such that the second magnetic field emitter
includes an mnner yoke having a forward recess that 1s open
toward the front, a second magnet anchored to the inner base
of the forward recess, and an opposing yoke anchored to the
front of the second magnet, a second magnetic gap in which
the second voice coil 1s positioned 1s formed between the
inner circumierential surface of the forward recess and the
opposing voke, and the inner yoke 1s mounted 1n the second
space from the front. According to this configuration, the
second magnetic field emitter can be 1nserted into the second
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space of the main yoke after the second magnetic field ematter
has been assembled, which makes the assembly process easy.

In one aspect, it 1s preferable for at least part of the main
yoke to be positioned further toward the rear than an outer
peripheral end of the first diaphragm and further toward the
front than an inner peripheral end of the first diaphragm.
Furthermore, 1t 1s preferable for the iner peripheral end of
the first diaphragm to be positioned more toward the rear than
the front end of the main yoke. By employing this configura-
tion, at least part of the main yoke can be disposed within the
space surrounded by the conical first diaphragm, which
makes 1t easy to reduce the front-to-back dimension.

An embodiment of the present invention can also be con-
figured such that multiple slits that are open toward the rear
are provided in the main yoke so as to communicate with the
first space, and linking members that connect the first dia-
phragm to the first voice coil are positioned within the slits.

Furthermore, an embodiment of the present invention can
also be configured such that a horn portion that directs sound
pressure produced by the second diaphragm vibrating toward
the front 1s provided 1n front of the first voice coil.

The composite speaker according to the present invention
1s configured so as to include the first diaphragm and the
second diaphragm; however, the front-to-back dimension of
the composite speaker can be reduced, and the assembly
process can be made easy.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a vertical cross-sectional view ol a composite
speaker according to a first embodiment of the present inven-
tion;

FI1G. 2 1s a partial cross-sectional view showing a close-up
of a magnetic field emitter of the composite speaker 1llus-
trated in FIG. 1;

FIG. 3 1s an exploded perspective view illustrating the
structure of a central area of the composite speaker; and

FIG. 4 1s a vertical cross-sectional view of a composite
speaker according to a second embodiment of the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

A composite speaker 1 according to the first embodiment
illustrated 1 FIG. 1 takes the Y1 direction as the forward
direction or the sound emission direction, and the Y2 direc-
tion as the rear direction. In FIG. 1, a center line O extending,
forward and backward from the composite speaker 1 1is
shown.

The composite speaker 1 includes an inner frame 2 and an
outer frame 3 that 1s anchored to the outer periphery of the
inner frame 2. The iner frame 2 and the outer frame 3 may be
formed of a non-magnetic material, such as a synthetic resin,
a non-magnetic metal, or the like.

An opening 2a that opens to the front and the rear 1s formed
in the central area of the inner frame 2, and a first magnetic
field emitter 10 1s anchored to the front end of this opening 2a.
A second magnetic field emitter 20 1s held in the central area
of the first magnetic field emitter 10.

As shown 1n FIG. 1 and FIG. 2, the magnetic field emitter
10 includes a main yoke 11. The main yoke 11 1s configured
by an outer peripheral yoke 11a and an mner peripheral yoke
11b6. The outer peripheral yoke 11a and the inner peripheral
yoke 115 are ring-shaped with their centers located on the
center line O, are formed of a magnetic metal, and are bonded
and anchored to each other. As shown in FIG. 1, the outer
peripheral yoke 11a 1s anchored to the front end of the open-
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ing 2a in the outer frame 3, and the first magnetic field emaitter
10 15 anchored to the inner frame 2.

At the joint of the main yoke 11, a first space 12 1s formed
between the inner circumierential surface of the outer periph-
eral yoke 11a and the outer circumierential surface of the
inner peripheral yoke 115. The inner circumierential surface
ol the outer peripheral yoke 11a and the outer circumierential
surface of the mner peripheral yoke 115 are cylindrical sur-
faces centered on the center line O, and the first space 12 1s a
ring-shaped space that 1s centered on the center line O. The
front of the first space 12 (that 1s, the Y1 side) may be closed,
whereas the rear of the first space 12 (that 1s, the Y2 side) 1s
open.

A first magnet 13 1s anchored within the first space 12. The
first magnet 13 1s shaped as aring that 1s centered on the center
line O. The first magnet 13 1s magnetized 1n the radial direc-
tion so that an inner circumierential surface 13a and an outer
circumierential surface 135 have opposite poles to each other.

The outer circumierential surface 135 of the first magnet 13
1s anchored to the mner circumierential surface of the outer
peripheral yoke 11a, and a first magnetic gap G1 1s formed
between the inner circumierential surface 13a of the first
magnet 13 and the outer circumierential surface of the inner
peripheral yoke 115. The magnetic flux emitted from the first
magnet 13 crosses the magnetic gap G1. Note that, alterna-
tively, the inner circumierential surtace 13a of the first mag-
net 13 may be anchored to the outer circumierential surface of
the inner peripheral yoke 115, and the first magnetic gap G1
may be formed between the outer circumierential surface 135
of the first magnet 13 and the inner circumierential surface of
the outer peripheral yoke 11a.

As shown 1n FIG. 1 and FI1G. 3, multiple slits 15 that open
rearward (in the Y2 direction) are formed 1n the outer periph-
eral yoke 11a of the main yoke 11, connecting the outer
circumierential surface to the inner circumierential surface
thereol. The first space 12 and the space on the outer periph-
ery of the main yoke 11 communicate through these slits 15.
As shown 1n FIG. 3, the slits 15 are formed 1n three locations,
every 120 degrees.

With the first magnetic field emitter 10 shown in FIG. 1 and
FIG. 2, the first magnet 13 1s anchored to the mner circum-
terential surface of the outer peripheral yoke 11a. Accord-
ingly, slits 13¢ are also provided in the first magnet 13. In
other words, the first magnet 13 1s divided into three parts, and
the slits 13¢ are formed between the end surfaces of the parts
into which the first magnet 13 has been divided, on the inner
side of the slits 15 formed 1n the main yoke 11.

As shown 1n FIG. 1 and FIG. 2, a first voice coil 31 1s
located within the first magnetic gap G1. As shown 1n FIG. 3,
the first voice coil 31 1s configured by wrapping a conducting
wire 1nto a cylindrical shape. Radial linking members 32 that
extend radially toward the outer peripheral direction are con-
nected to the first voice coil 31 at three locations, and a
cylindrical linking member 33 1s connected to the outer ends
of the radial linking members 32. The radial linking members
32 and the cylindrical linking member 33 may be formed of
synthetic resin sheets, paper sheets, cloth sheets, or sheets that
are composites thereof.

The first voice coil 31 1s located within the first magnetic
gap (51, the radial linking members 32 are located within the
slits 15 formed 1n the main yoke 11 and the slits 13¢ of the first
magnet 13, and the cylindrical linking member 33 1s located
at the outer periphery of the outer peripheral yoke 11a.

As shown in FIG. 1, a damper member 34 spans between
the cylindrical linking member 33 and the inner frame 2. The
damper member 34, may be formed of a synthetic resin sheet,
a cloth sheet, a paper sheet, or a material that 1s a composite
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thereot, and may be formed so that the depressions and pro-
trusions thereot form concentric circles centered on the center
line O. The cylindrical linking member 33 and the first voice
coil 31 supported thereby are supported by the damper mem-
ber 34, and are capable of vibrating 1n the forward and rear-
ward directions.

As shown 1n FIG. 1, a first diaphragm 41 that produces
sound pressure in medium and low bands 1s provided 1n the
outer periphery of the main yoke 11. The first diaphragm 41
may be conically formed using a synthetic resin sheet, a cloth
sheet, a paper sheet, or a material that 1s a composite thereof.
A circular hole 1s formed 1n the center of the first diaphragm
41, and the edge of the circular hole corresponds to an 1nner
peripheral end 41a. The mner peripheral end 41a 1s posi-
tioned so as to surround the outer periphery of the main yoke
11. The 1inner peripheral end 41a of the first diaphragm 41 1s
connected to the outer side of the cylindrical linking member
33. An mner damper member 42 may be provided between
the main yoke 11 and an area of the first diaphragm 41 that 1s
slightly further outside from the inner peripheral end 41a. The
inner damper member 42 1s formed of a synthetic resin sheet,
a cloth sheet, a paper sheet, or a material that 1s a composite
thereot, and circular depressions and protrusions are formed
therein centered on the center line O.

An outer peripheral end 415 of the first diaphragm 41 1s
located turther toward the front than the inner peripheral end
41a, and thus the first diaphragm 41 has a conical shape. An
outer damper member 43 1s attached between the outer
peripheral end 415 and an outer circumierential edge 3a of the
outer frame 3. The outer damper member 43 may be formed
ol a synthetic resin sheet, a cloth sheet, a paper sheet, or a
material that 1s a composite thereof, and circular depressions
and protrusions are formed therein centered on the center line
O.

As shown 1n FIG. 1 and FIG. 2, a second space 16 that
passes through to the front and the rear 1s formed in the center
of the inner peripheral yoke 115, which forms part of the main
yoke 11. A rear hole portion 164 that opens to the rear (the Y2
direction) and a front hole portion 165 that opens to the front
(the Y1 direction) are formed 1n the second space 16 so as to
communicate with each other. The front hole portion 165 1s
formed so that the dimension of 1ts opening 1s slightly greater
than that of the rear hole portion 16a.

The second magnetic field emaitter 20 1s held within the rear
hole portion 164 of the second space 16. The second magnetic
field emaitter 20 has an inner yoke 21. The inner yoke 21 may
be formed of the same magnetic metal as the main yoke 11.
The inner yoke 21 1s fitted 1nto the rear hole portion 16a of the
second space 16 so that there 1s substantially no gap with an
outer circumierential surface 21q of the inner yoke 21, and 1s
anchored 1n this position using an adhesive or the like.

A forward recess 22 that 1s open toward the front (inthe Y1
direction) 1s formed in the 1nner yoke 21. The forward recess
22 has an mner circumierential surface 22a, which 1s a cylin-
drical surface that 1s centered on the center line O, and an
inner base surface 225, which 1s a plane that 1s orthogonal to
the center line O.

A second magnet 23 that 1s anchored to the inner base
surface 226 and an opposing yoke 24 that 1s anchored to the
tront of the second magnet 23 are provided within the forward
recess 22. The second magnet 23 has a front surface 23a to
which the opposing yoke 24 1s anchored and a rear surface
235 that 1s anchored to the inner base surface 225, and i1s
magnetized 1n the front-back direction so that the front sur-
face 23a and the rear surface 235 have different poles.

A second magnetic gap G2 1s formed between the outer
circumierential surface of the opposing yoke 24 and the inner
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circumierential surface 22a of the forward recess 22. The
second magnetic gap G2 has a ring shape. The magnetic flux
emitted from the second magnet 23 crosses the second mag-
netic gap G2. The second magnetic gap G2 has a smaller
radius from the center line O than that of the first magnetic
gap (1, and the second magnetic gap G2 1s located within the
space surrounded by the first magnetic gap G1.

A second diaphragm 435 for producing sound pressure 1n
high bands 1s provided 1n front of the second magnetic field
emitter 20. The second diaphragm 45 may be formed 1n a
dome shape, using a synthetic resin sheet, a cloth sheet, a
paper sheet, or a material that 1s a composite thereof. As
shown in FIG. 1 and FIG. 2, a small-diameter bobbin 46 that
extends rearward 1s provided at a skirt area of the second
diaphragm 43, and a second voice coil 47 that 1s wound upon
this bobbin 46 1s positioned within the second magnetic gap
G2.

As shown in FIG. 1 and FIG. 2, a ring-shape support
member 49 1s anchored within the front hole portion 165 1n
the second space 16 of the main yoke 11, and a forward
damper member 48 1s provided between the skirt area of the
second diaphragm 435 and the support member 49. The for-
ward damper member 48 may be formed of a synthetic resin
sheet, a cloth sheet, a paper sheet, or a material that 1s a
composite thereof, and circular depressions and protrusions
are formed therein centered on the center line O.

As shown1n FIG. 1 and FIG. 2, a horn portion 18 1s formed
in a front area of the inner peripheral yoke 115 of the main
yoke 11, and 1s formed integrally therewith. The front surface
of the hom portion 18 corresponds to a horn surface 18a
whose opening diameter gradually increases toward the front.
With this composite speaker 1, 1t 1s not necessary to provide
the first diaphragm 41, a support mechanism for the first
diaphragm 41, or the like around the second diaphragm 45,
and thus the horn surface 18a can be disposed in front of the
firstmagnet 13, the first voice coi1l 31, and so on. Furthermore,
because the horn surface 18a can be formed having a sudfi-
ciently wide surface area, sound pressure 1 high bands pro-
duced by the vibration of the second diaphragm 45 can be
directed forward 1n an efficient manner.

A method for assembling the composite speaker 1 struc-
tured as shown 1n FIG. 1 will be described hereinatter.

First, the outer peripheral yoke 11a and the inner peripheral
yoke 115 that configure the main yoke 11 are joined, and the
first magnetic field emitter 10 1s configured by anchoring the
first magnet 13 within the first space 12 formed between the
outer peripheral yoke 11a and the imnner peripheral yoke 115.

As shown 1n FIG. 3, after the first voice coi1l 31 and radial
linking members 32 have been assembled with the cylindrical
linking member 33, the inner peripheral end 41a of the first
diaphragm 41 1s joined to the outer circumierential surface of
the cylindrical linking member 33. The mner frame 2 and the
outer frame 3 are connected, the cylindrical linking member
33 1s supported on the mner frame 2 via the damper member
34, and the outer peripheral end 415 of the first diaphragm 41
1s supported on the outer frame 3 via the outer damper mem-
ber 43.

The radial linking members 32 are inserted into the slits
13¢ and the slits 15 of the first magnetic field emitter 10
toward the Y1 direction, and the first voice coil 31 1s posi-
tioned within the first magnetic gap G1. Then, the outer
peripheral yoke 11a of the main yoke 11 1s anchored to the
inner frame 2, and the main yoke 11 and the first diaphragm
41 are connected via the mner damper member 42.

Meanwhile, the second magnetic field emitter 20 1s con-
figured by stacking and anchoring the second magnet 23 and
the opposing yoke 24 1n that order in the Y1 direction within
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the forward recess 22 formed in the mmner yoke 21. The
assembled second magnetic field emitter 20 1s then nserted
and fitted, toward the Y2 direction, into the rear hole portion
16a of the second space 16 formed in the mner peripheral
yoke 115b.

Meanwhile, the second diaphragm 45, to which the bobbin
46 and the second voice coil 47 have been attached, 1s sup-
ported on the support member 49 via the damper member 48.
The ring-shaped support member 49 1s then mounted, toward
the Y2 direction, within the front hole portion 165 1n the
second space 16 of the inner peripheral yoke 115, and the
second voice coil 47 1s inserted 1nto the second magnetic gap
G2.

Note that as shown 1n FIG. 3, a small-sized speaker unit for
higher ranges may be assembled 1n advance by anchoring the
support member 49 to the front end surface of the mnner yvoke
21 which forms the second magnetic field emaitter 20 using an
adhesive or the like and mserting the second voice co11 47 into
the second magnetic gap G2; this small-sized speaker umit
may then be fitted into the second space 16 formed 1n the inner
peripheral yoke 115, toward the Y2 direction.

In the assembly process for the composite speaker 1, the
first voice coil 31 that drives the first diaphragm 41 1s inserted
into the first space 12 of the first magnetic field emaitter 10,
from the rear and toward the Y1 direction. In addition, the
second magnetic field emitter 20 and the support member 49
that supports the second diaphragm 45 are inserted into the
second space 16, from the front and toward the Y2 direction.
Alternatively, a small-sized speaker unit in which the support
member 49 has been anchored to the second magnetic field
emitter 20 1s inserted into the second space 16, from the front
and toward the Y2 direction.

The second magnetic field emitter 20 can be assembled as
a single unit, or a speaker unit can be assembled by combining
the second magnetic field emitter 20 and the second dia-
phragm 45, and thus the assembly process becomes easy.

At least part of the second magnetic field emitter 20, which
has the inner yoke 21, the second magnet 23, and the opposing,
yoke 24, 1s positioned between the front end and the rear end
of the ring-shaped first magnet 13, and thus the magnetic field
emitter can be made thinner. In particular, with the composite
speaker 1 shown 1n FIG. 1 and FIG. 2, the second magnetic
field emaitter 20 1s positioned within the second space 16 that
passes through to the front and rear. As a result, the entirety of
the second magnetic ficld emitter 20 1s positioned between
the front end and the rear end of the first magnet 13, which
makes 1t possible to realize an even thinner configuration.

As shown 1in FIG. 1, the bobbin that supports the first voice
coil 31, the linking members, and furthermore, an 1nner end
portion 41a of the first diaphragm 41 are not positioned in
front of the main yoke 11, and thus the shape, size, and so on
of the forward damper member 48, support member 49, and
so on that support the second diaphragm 43 can freely be set.
In addition, the surface area and diameter of the horn surface
18a that 1s formed integrally with the iner peripheral yvoke
115 can be sutficiently increased, which makes 1t possible to
elfectively direct sound pressure in higher bands produced by
vibrations of the second diaphragm 45 1n the forward direc-
tion. Note that the horn portion 18 may be formed entirely as
a separate piece from the inner peripheral yoke 115, and may
then be anchored to the main yoke 11.

With the composite speaker 1 shown in FIG. 1, the inner
peripheral end 41a of the first diaphragm 41 1s positioned
closer to the front of the main yoke 11 than the rear end of the
main yoke 11, and the outer peripheral end 415 of the first
diaphragm 41 1s positioned closer to the rear of the main yoke
11 than the front end of the main yoke 11. For this reason, a
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composite speaker that produces mid ranges or low ranges
along with high ranges can be configured with an extremely
thin structure.

A composite speaker 101 according to a second embodi-
ment, shown 1n FIG. 4, includes the first magnetic field emait-
ter 10 and the second magnetic field emitter 20, which have
the same structure as those in the speaker 1 shown 1n FIG. 1.
Furthermore, the second diaphragm 43, the support member
49, the second voice coil 47, and so on are the same as those
in the speaker 1 shown in FIG. 1.

In the composite speaker 101 according to the second
embodiment, a bobbin 132 1s connected to the 1inner periph-
cral end 41a of the first diaphragm 41. The bobbin 132
extends from the inner peripheral end 41a toward the front
(that 1s, 1n the Y1 direction), and the first voice coil 31 1s
attached to the front end thereof. The first voice coil 31 and the
bobbin 132 are 1nserted into the first magnetic gap G1 formed
in the main yoke 11, toward the Y1 direction.

In this composite speaker 101 as well, the outer peripheral
end 415 of the conical first diaphragm 41 1s positioned closer
to the rear than the end of the main yoke 11 on the Y1 side.
Accordingly, the front-to-rear dimension can be made thin-
ner.

In both the speakers 1 and 101 according to the embodi-
ments of the invention shown 1 FIG. 1 and FIG. 4, part of the
main yvoke 11 1s positioned 1n a region that 1s both further
toward the rear than a horizontal line H1 that passes through
the outer peripheral end 415 of the conical first diaphragm 41
and further toward the front than the inner peripheral end 41a
of the first diaphragm 41. In other words, at least part of the
main yoke 11 1s positioned within a conical inner space sur-
rounded by the first diaphragm 41. Accordingly, 1t 1s easier to
make the front-to-rear dimensions thinner. Furthermore, 1f
the structure 1s such that the entirety of the main yoke 11 1s
positioned further to the rear than the outer peripheral end 4156
of the first diaphragm 41 and further to the front than the inner
peripheral end 414, an even thinner structure can be realized.

While there has been illustrated and described what 1s at
present contemplated to be preferred embodiments of the
present invention, 1t will be understood by those skilled in the
art that various changes and modifications may be made, and
equivalents may be substituted for elements thereof without
departing from the true scope of the mvention. In addition,
many modifications may be made to adapt a particular situa-
tion to the teachings of the imnvention without departing from
the central scope thereof. Therefore, 1t 1s intended that this
invention not be limited to the particular embodiments dis-
closed, but that the invention will include all embodiments
talling within the scope of the appended claims.

What 1s claimed 1s:

1. A composite speaker comprising a first diaphragm hav-
ing a surface area, a second diaphragm having a smaller
surface area than the first diaphragm, a first voice coil that
drives the first diaphragm, and a second voice coil that drives
the second diaphragm,

wherein a {irst space that 1s open at least toward the rear 1s

formed 1n a main yoke formed of a magnetic material, a
ring-shaped first magnet 1s anchored to the interior of the
first space, a first magnetic gap 1s formed between the
inner circumierential surface or the outer circumieren-
t1al surface of the first magnet and the main yoke, and the
first voice coil 1s positioned within the first magnetic
gap; and

a second space that 1s open at least toward the front 1s

formed 1n a region surrounded by the first magnet of the
main yoke, and the second voice coil and a second mag-
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netic field emitter that drives the second voice coil are
housed within the second space.

2. The composite speaker according to claim 1, wherein the
first diaphragm 1s radially positioned turther outward than the
first voice coil and the second diaphragm 1s radially posi-
tioned further inward than the second voice coil.

3. The composite speaker according to claim 2, wherein the
second space 1s formed so as to pass through the main yoke
from front to back.

4. The composite speaker according to claim 3, wherein the
second magnetic field emitter 1s positioned within a region
surrounded by the ring-shaped {first magnet.

5. The composite speaker according to claim 4, wherein the
second magnetic field emitter includes an mner yoke having
a forward recess that 1s open toward the front, a second
magnet anchored to the inner base of the forward recess, and
an opposing yoke anchored to the front of the second magnet,
a second magnetic gap 1 which the second voice coil 1s
positioned 1s formed between the mnner circumierential sur-
face of the forward recess and the opposing yoke, and the
inner yoke 1s mounted 1n the second space from the front.

6. The composite speaker according to claim 5, wherein at
least part of the main yoke 1s positioned further toward the
rear than an outer peripheral end of the first diaphragm and
turther toward the front than an inner peripheral end of the
first diaphragm.

7. The composite speaker according to claim 6, wherein the
inner peripheral end of the first diaphragm 1s positioned more
toward the rear than the front end of the main yoke.

8. The composite speaker according to claim 7, wherein
multiple slits that are open toward the rear are provided 1n the
main yoke so as to communicate with the first space, and
linking members that connect the first diaphragm to the first
voice coil are positioned within the slits.

9. The composite speaker according to claim 8, wherein a
hom portion that directs sound pressure produced by the
second diaphragm vibrating toward the front 1s provided 1n
front of the first voice coil.

10. A composite speaker comprising a first diaphragm hav-
ing a surface area, a second diaphragm having a smaller
surface area than the first diaphragm, a first voice coil that
drives the first diaphragm, and a second voice coil that drives
the second diaphragm,

wherein a first space that 1s open at least toward the rear 1s

formed 1n a main yoke formed of a magnetic material, a
ring-shaped first magnet 1s anchored to the interior of the
first space, a first magnetic gap 1s formed between the
inner circumierential surface or the outer circumieren-
tial surface of the first magnet and the main yoke, and the
first voice coil 1s positioned within the first magnetic
gap; and

a second space that 1s open at least toward the front 1s

formed 1n a region surrounded by the first magnet of the
main yoke, and the second voice coil and a second mag-
netic field emitter that drives the second voice coil are
housed within the second space,

wherein the second space 1s formed so as to pass through

the main yoke from front to back.

11. The composite speaker according to claim 10, wherein
the second magnetic field emitter 1s positioned within a region
surrounded by the ring-shaped first magnet.

12. The composite speaker according to claim 11, wherein
the second magnetic field emitter includes an nner yoke
having a forward recess that 1s open toward the front, a second
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magnet anchored to the inner base of the forward recess, and
an opposing yoke anchored to the front of the second magnet,
a second magnetic gap 1 which the second voice coil 1s
positioned 1s formed between the inner circumierential sur-
face of the forward recess and the opposing yoke, and the
iner yoke 1s mounted 1n the second space from the front.

13. The composite speaker according to claim 12, wherein
at least part of the main yoke 1s positioned further toward the
rear than an outer peripheral end of the first diaphragm and
further toward the front than an inner peripheral end of the
first diaphragm.

14. The composite speaker according to claim 13, wherein
the inner peripheral end of the first diaphragm 1s positioned
more toward the rear than the front end of the main yoke.

15. The composite speaker according to claim 14, wherein
multiple slits that are open toward the rear are provided in the
main yoke so as to communicate with the first space, and
linking members that connect the first diaphragm to the first
voice coil are positioned within the slits.

16. The composite speaker according to claim 135, wherein
a horn portion that directs sound pressure produced by the
second diaphragm vibrating toward the front 1s provided 1n
front of the first voice coil.

17. The composite speaker according to claim 1, wherein
the second magnetic field emitter includes an nner yoke
having a forward recess that 1s open toward the front, a second
magnet anchored to the inner base of the forward recess, and
an opposing yoke anchored to the front of the second magnet,
a second magnetic gap in which the second voice coil 1s
positioned 1s formed between the inner circumierential sur-
face of the forward recess and the opposing yoke, and the
inner yoke 1s mounted in the second space from the front.

18. A composite speaker comprising a first diaphragm hav-
ing a surface area, a second diaphragm having a smaller
surface area than the first diaphragm, a first voice coil that
drives the first diaphragm, and a second voice coil that drives
the second diaphragm,

wherein a first space that 1s open at least toward the rear 1s

formed 1n a main yoke formed of a magnetic material, a
ring-shaped first magnet 1s anchored to the interior of the
first space, a first magnetic gap 1s formed between the
inner circumierential surface or the outer circumieren-
t1al surface of the first magnet and the main yoke, and the
first voice coil 1s positioned within the first magnetic
gap; and

a second space that 1s open at least toward the front 1s

formed 1n a region surrounded by the first magnet of the
main yoke, and the second voice coil and a second mag-
netic field emitter that drives the second voice coil are
housed within the second space,

wherein at least part of the main yoke 1s positioned further

toward the rear than an outer peripheral end of the first
diaphragm and further toward the front than an inner
peripheral end of the first diaphragm.

19. The composite speaker according to claim 1, wherein
the inner peripheral end of the first diaphragm 1s positioned
further toward the rear than the front end of the main yoke.

20. The composite speaker according to claim 1, wherein
multiple slits that are open toward the rear are provided in the
main yoke so as to communicate with the first space, and
linking members that connect the first diaphragm to the first
voice coil are positioned within the slits.
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